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INDIAN

STANDARD

FIXED CAPACITORS FOR USE IN ELECTRONIC EQU1PMEN.T Generic Specification National Foreword
This Indian Standard, which is identical withIEC Pub 384-l/QC 300000( l982)Fixed capacitors for use in electronic component-Part 1:Generic specification,' issued by the International Electrotechnical Commission (IEC), was adopted by the Bureau of Indian Standards on 15 March 1988 on the recommendation of Capacitors Sectional Committee and approval of Electronics and Telecommunication Division Council. Wherever the words `International Standard' appear, referring to this standard, they should be read as `Indian Standard'.
Cross References

In this Indian Standard, the following International Standards are referred to. Read in their respective place the following: International Standard IEC QC 001001 (-1981)Basic rules of the IEC quality assessment system for Electronic Components (IECQ) IEC QC 001002 (1981) Rules of procedures of the IEC quality assessment system for Electronic Components Corresponding Indian Standard IS QC 001001 (1988) Basic rules of the IEC quality assessment system for Electronic Components (IECQ) (Identical) IS QC 001002 (1988) Rules of procedure of the IEC quality assessment system for Electronic Components (IECQ) (Identical)

WCQ)

The technical committee responsible for the preparation of this standard has reviewed the provisions'of the following international Publications and has decided that they are acceptable for use in conjunction with this standard: IEC Pub 27-1 (197 1) Letter symbols to be used in electrical technology, Part 1 General IEC Pub 50 International Electrotechnical Vocabulary (I.E.V.)
'

IEC Pub 62 (1974) Marking codes -for resistors and capacitors IEC Pub 63 (1963) Preferred number series for resistors and, capacitors IEC Pqb 68-1 (1978) Basic environmental testing procedures, Part 1: General IEC Pub 68-2-l (1974) Tests A: Cold IEC Pub 68-2-2 (1974) Basic environmental testing procedures, Tests B: Dry Heat.
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IEC Pub 68 -2-3 (1969) Test Ca: Damp heat, Steady state IEC Pub 68-2-6 (1970) Test Fc: Vibration (Sinusoidal) IEC Pub 68-2-13 (1966) Test M: Low Air Pressure * IEC Pub 68-2-14 (1974) Test N: Change of Temperature IEC Pub 68-2-l 7 (1973) Test Q: Sealing IEC Pub 68-2-20 (1979) Test T: Soldering IEC Pub 68-2-21 (1975) Test U: Robustness of terminations and integral mounting devices IEC Pub 68-2-27 (1972) Test Ea: Shock IEC Pub 68-2-29 (1968) Test Eb: Bump IEC Pub 68-2-30 (1969) Test Db: Damp Heat, Cyclic (12+12-hour cycle) IEC Bub 68-2-45 (1980) Test XA and guidance: Immersion in cleaning solvents IEC Pub 117 Recommended graphical symbols

IEC Pub 294(1969) Measurement of the dimensions of a cylindrical component navingtwo axtal terminations IEC Pub 384-5(1977) Fixed capacitors for use in electronic equipment: Part 5 Sectional specification, Fixed mica dielectric direct current capacitors with a rated voltage not exceeding 3 000 V. Selection of methods of test and general requirements IEC Pub 410 (1973) Sampling plans and procedures for inspection by attributes IEC Pub 469-1( 1974) Pulse techniques and apparatus, Part 1: Pulse terms and definitions IEC Pub 469-2( 1974) Pulse techniques and apparatus, Part 2 : Pulse measurement and analysis, general considerations IS0 3( 1973) Preferred numbers series of preferred numbers

IS0 497( 1973) Guide to the choice of series of ~preferred numbers and Of series containing more rounded v&es of preferred-numbers IS0 lOOO( 1973) Sl Units and recommendattons' for the use of their multiples and of certain other units The text of Amendment No. 2 (incorporating QC 300000 has been incorporated. Amendment No. I) to 1EC Pub 384-l/

This standard is intended- primarily for use under the 1ECQ System. A regular Indian Standard for this component could be different, identical- or similar to this standard. Only the English language text in the International Standard has been retained while adopting it in this lndian Standard.
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FIXED CApACITbRS FOR USE IN ELECTRONIC EQUIPMENT
Generic specifiitim

SECTION ONE -

SCOPE

1.

scope
This standard is applicable to fixed capacitors for use in eiectronic equipment. Jt establishes standard terms, inspection procedures and methods of test for use in sectional and detail specifications for Qualification Approval and for Quality Assessment Systems for electronic components.

SWOON 2. General 2.1 Related documents I E C publications : Publication (1971) Publication Publication (1974) Publication (1963) Publication Publication (1978) Publication (1974) `Publication (1976) Publication (1974) Publication (1976) Publication (1969) 27-l : 50: 62: 63 :

TWO-GENERAL

Letter Symbols to be Used in Electrical Technology, General. International Electrotechnical Vocabulary (I.E.V.). Marking Codes for Resistors and Capacitors. Preferred Number Series for Resistors and Capacitors. Amendment No. 1 (1967). Amendment No.`2 (1977). Basic Environmental Testing Procedures. Part 1: General. Tests A: Cold. First supplement. Tests B: Dry Heat First suppleme@. Test Ca: Damp Heat, Steady State.
_

Part 1:

68 : 68-l : 68-2-l : 68-2-1A 68-2-2 : 68-2-2A : 68-2-3:.
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Publication (1970) Publication (1966) Publication (1974) Publication (1978) Publication (1979) Publication (1975) Publication (1972) Publication (1968) Publication (1969) Publication Publication (1969) Publication (1973)

68-2-6: 68-2-l 3 : 68-2-14: 68-2- 17: 68-2-20: 68-2-21:

Test I+: Vibration (Sinusoidal). Amendment No. I (1972). Test M: Low Air Pressure. Test N: Change of Temperature. Test Q: Sealing. Test T: Soldering. Test II: Robustness of Terminations Devices. Amendment No. 1 (1979). Test Ea: Shock. Test Eb_: Bump. Test Db: Damp Heat; Cyclic (12 + lZhour cycle). and 1n::gral Mounting

68-2-27: 68-2-29~: 68-2-30: 117: 294: 410:

Recommended Graphical Symbols. Measurement of the Dimensions of a Cylindrical Component having * I\ Two Axial Terminations. Sampling Plans and Procedures for Inspection by Attributes. Quality Assessment System for

Publication QC 001001 (1981): Basic Rules of the IEC Electronic Components (IECQ). Publication QC -001002 (1981): R&s for Electronic Components (IECQ). IS0 publications : IS0 Standard 3: (1973) IS0 Standard 497: (1973) IS0 Standard 1000: (1973)
NOW. -

of Procedure of the IEC Quality Assessment System

Preferred Numbers -

Series of Preferred Numbers.

Guide to the Choice of Series of Preferred Numbers and of Series Containing more Rounded Values of Preferred Numbers. SI Units and Recommendations for the Use of their Multiples and of Certain Other Units.
except for IEC Publication 68 fdr which the referenced

The above references apply to the current editions, edition must be used.

2.2
2.2.1

Units, symbols General

and terminology

Units, graphical symbols, letter symbols and terminology shall, `whenever possible, be taken from the following publications: IS0 IEC I'EC IEC Standard 1000 Publication 27 Publication 117 Publication 50

When further items are required they. shall be derived in accordance with the principles of the documents listed above. 6
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2.2.2

Type X group of components having similar design features and the similarity of whose manufacturing techniques `enables them to be grouped together either for qualification approval or for quality conformance inspection. They are generally covered by a single detail specification.
Note. Components described in several detail specifications, may, in some cays. be considered as belonging to the same type and may therefore be grouped together for qualification approval and quality conformance inspection.

2.2.3 Style

A subdivision

of a type, generally based on dimensional factors.

A style may include several variants, generally of a mechanical order.
2.2.4

Gra& A term to indicate additional general characteristics concerning the intended application, e.g. long life applications. The term "Grade" may only be used in combination with one or more words (e.g. long life grade) and not by a single letter or number. ~Figures to be added after the term `%rade" should be arabic kmerals.

2.2.5

Family (of -electronic components) A group of electronic components which predominantly attribute and/or fulfils a defined function. displays a particular physical

2.2.6

Sub-family (of electronic components) A group of components within a family manufactured by similar technological methods.

2.2.1

LXC. capacitor A capacitor designed essentially for application with direct voltage.
Nore A d.c. capacitor may not be suitable for use on a.c. supplies.

2.2.8

Polar capacitor (for dectrolytic capacitors) A capacitor intended for use with a unidirectional polarity indication. voltage connected according to the

2.2.9

Bipolar capacitor (for electrolytic capacitors) An electrolytic capacitor designed to withstand an alternating voltage andor applied direct voltage. reversal of the

2.2.10

A.C. capacitor A capacitor designed essentially for application with alternating voltages. 7
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2.2.1 I .

Pu!se ca)atr'ror A ~capacitor for use with pulses of current or volttige. NW;. The

definitions`of I

EC

.Publications

469-l

and 469-2

apply.

_

2.2.12

Rated capacitance (C,) The capacitance indicated-upon it. value for which the capacitor has been designed and which is usually

2.2.13

Category temperature range The range of ambient temperatures for which the.capacitor has been `designed to operatecontinuously; this is defined by the temperature limits of the appropriate category.

2.2.14

Upper category temperature The maximum ambient temperature continuously. for which a capacitor has been designed to operate

2.2.15

Lower category temperature The minimum ambient temperature continuously. for which a capacitor has been designed to qperate

2.2.16

Rated temperature The maximum applied. ambient temperature at which the rated voltage may be continuously

2.2.17

Rated

voltage

(d.c.)

(U,)

The maximum direct voltage or peak value of pulse voltage which may be awli+ continuouslj to a capacitor at any temperature bet-ween the lower category temperature and the rated temperature (see Sub-cl&se 2.2.16)

2.2.18

Category

voltage (UC)

The maximum voltage which may'%e applied mntinuously category temperature (see Sub-clause 2.2.14). 2.2.19 Temperature derared voltage

to a capdcitor at its upper

For any temperature between the rated temperature and the upper category temperature, the temperature dcrated voltage is the maximum voltage that may be' applied continuously to a capacitor. NOW. Information on the voltage temprarure dqndence at temperatures between the rated temperature upper category temperature should. if applicable. be given in the relevanl specification. and the

2.220

Surge voltage ratio The quotient of the maximum instantaneous voltage which may be applied to the terminations of the capacitor' for a specified time at any temperature within the Fategory temperature range and the rated voltage or the temperature derated voltage, as appropriate. The number of times per ~hour that this voltage may be applied shall be specified.

8
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2.2.21 Rated ripple voltage

The r.m.s. value of the maximum allowable alternating voltage of a specified frequency superimposkd on the d.c. voltage at which ihe capacitor may be operated continuously at a specified temperature. The sum of the direct voltage and the peak value of the alternating voltage applied to the capacitor shall not exceed the rated voltage or temperature derated voltage as applicable.

2.2.22 Reverse volrage (for polar capacitors only)

A voltage applied to the capacitor terminations in the reverse polarity direction.
2.2.23 Rated ripple current

The r.m.s. value of the maximum allowable alternating current of a specified frequency, at which the capacitor may be operated continuously at a specified temperature.
2.2.24 Time &want

The product of the insulation resistance and the capacitance. seconds. 2.2.25
Tangent

It is normally expressed in

qf lossangle

(tan6)

The power loss of -the capacitor divided by the reactive posver of the capacitor sinusoidal voltage of specified frequency. 2.2.26
SeijXealing

at a

The process by which the electrical properties of the capacitor, after a local breakdown of the dielectric, are rapidly and essentially restored to the vallles before the breakdown.

2.2.27

Maximum

temperature oj a capacitor

The temperature at the hottest point of its external surface. NOW. -2.2.28
The terminations are considered to be part of the external surface.

Minimum

temperature

qf a

capacitor

The temperature at the coldest point of its external surface. .Vor~. 2.2.29
The terminati0.m are considered IO be part of the external surface.

Mikmum

storuge temperature

The minimum permissible ambient temperature -which the capacitor shall withstand in the non-operating condition without damage.
No/c,. The maximum permissible storage temperature is equal to the upper category temperature

2.2.30

Variation

qf cupacitance with temperature

The variation of capacitance with temperature can be expressed in two ways:
a)

Temperature h) Temperature

characteristic of capacitance. coefficient of capacitance. 9
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2.2.30.1

Temperature characteristic of capacitance

The term characterizing this property applies mainly to capacitors of which the variations of capacitance as a function' of temperature, linear or non-linear, cannot be expressed with precision and certainty. The temperature characteristic or capacitance is the maximum reversible variation of capacitance produced over a given temperature range within the category temperature range. It is expressed normally as a percentage of the capacitance related to a reference temperature of 20 "C. 2.2.30.2 Temperature coefficient of capacitance and tfmperature cyclic drift of capacitance

The terms characterizing these two properties apply to capacitors of which the variations of capacitance ,as a function of temperature are linear or approximately linear and can be expressed with a certain precision. For these capacitors, the variation of capacitance for any temperature, temperature range, can be analysed into two components: within the category

Temperature coefficient of capacitance (31)
The rate of change of capacitance Jwith temperature measured over a specified range of temperature. It is normally expressed in parts per million per degree Celsius (lo-6/X).

Temperature cyclic drift of capacitance The maximum irreversible variation of capacitance observed at room temperature during or after the completion of.1 number of specified tem&ature cycles. It is expressed normally as a percentage of the capacitance related to a reference temperature. This is normally 20 "C. _The conditions of measurement, during or after temperature temperature cycle and the number of cycles, shall be stated. cycling, a description of the

2.2.31

Visible damage Visible damage which reduces the usability of the capacitor for its intended purpose.

2.2.32.

Rated a.c. load load (a.c.) `is the maximum sinusoidal a.c. load which may be applied to the terminations of a capacitor at any' temperature between the lower

The rated continuously

10
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I

category temperature expressed :
cr) at low frequencies

and

the

rated

temperature

(see Sub-clause

2.2.16).

It may

be

as a rated a.~. voltage; as a rated a.c. current; as a rated reactive power.

h) at high frequencies c) at intermediate

frequencies

This is shown in the following figure: A
/ Reactive power limited

\

a Frequency

Notes I. 2. -

For a particular teristics.

type of capacitor it may be necessary to specify one or more of the above charac-

Capacitors within the scope of this specification are normally less than 500 var +I SO:60 Hz. Low *frequencies may l+! SO-60 Hz, 100-l 20 Hz. or 400 Hz. Voltages may be up to 600 V r.m.s. a~ SO-60 Hz. -However. capacitors for lilters. transmitter or converter circuits may be required IO operate under power over a wide range of frequencies and up to IO kvar at the higher frequencies with voltages up IO 1 OooV r.m.s.

2.2.33

Rated pulse load

The ra.ted pulse load is the maximum pulse load which may be applied at a certain pulse repetition frequency to the terminations of a capacitor at any temperature between the lower category temperature and the rated temperature (see Sub-clause 2.2.16). It may be expressed as a) and b) and any of the remaining items: a) pea'k current h) c) d) e) f) g) per pF or g W/M; periods;

relative duration of charge and discharge r.m.s. current; peak voltage ; peak reverse voltage; pulse repetition frequency (see note); maximum active power. These -parameters

are fixed for periodic-pulses.

Nore. -

In the case of intermittent pulses the duty cycle shall be specified. In the case of random pulses the tour1 number expected over a given time period shall bc staled. *

2.2.34

R.M.S. pulse current This shall be calculated in accordance with Sub-clause 2.5.2.4 of I E C Publication 469-l. In the case of intermittent or random pulses the time interval shall be'chosen to correspond with the maximum.teniperature rise.

11
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2.235

Puhe equivalenr circuir qj. a capacitor The equivalent circuit of a capacitor consists of an ideal capacitor residual inductance and the equivalent series resistance (ESR).
NI/~<,. -

in series with the

For pulse operation Ihe cquivrlcnc series resistance will bc similar lo but not identical with the ESR mcasural with u sinusoidal voltage. The pulse ESR shall take into account the scrics OFharmonics in the pulse and the variation of the losses with frequency.

2.2.X

.Temperarure rise The temperature rise of the capacitor relative to the ambient temperature the losses in the capacitor due to operation under a.c. or'pulse conditions. resulting from

2.2.31

insulated capacitor A capacitor in which all terminations of a section may be raised to a potential different (but not less than the rated voltage) from that of any conducting surface with which the case is liable to come into contact in normal use.

2.2.38

Uninsulated capacitor A capacitor in which one or more of the terminations of a section canno! be raised to a potential different (but not less than the rated voltage) from that of any conhucting surface with which the case is liable to come into contact in normal use.

2.3

Preferred values

_,`. 2.3.1

General Each sectional specification shah prescribe the `preferred family; for rated capacitance see also Sub-clause 2.3.: values appropriate to the sub-

2.3.2

P'referied values`of rated sapacitance The preferred values of rated `capacitance Publication 63. shall be taken from the series specified in 1EC

2.4 2.4.1

Marking General The sectional specification shall indicate the identification criteria and other information shown on the capacitor and/or packing. The order of priority for marking small capacitors shall be specified.
to

be

2.4.2

coding When coding is used for capacitance value, tolerance or date of manufacture, shall be selected from those given in IEC Publication.62. 12 the method
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SECTION THREE 1 QUALITY ASSESSMENT PROCEDURES , 3. Qualhy asseksment procedures 3.1 Qual$cation Appror*al!Quality Assessment Systems of Sub-clauses 3.4 and 3.5 sha!l he

3.1 ..I For a -full' Quality Assessment System the procetires followed. 3.1.2

For Qua!ification Approval without Qualiiy Conformance Inspection (type testipg only) the procedures and requirements of Sub-clauses 3.4.1 and 3.4%) may be used'as appropriate, bu!. in any case, tests and parts of tests shall be applied in the -order given in the test schedules. Primary Stage of Manufacture For fixed capacitor specification. specifications, the primary stage sh$ be defined in the sec~+:~l

3.2

3.3

Structurally Similar Components The grodping of structurally similar component for the purpose of qualification approval and quality conformance inspection shall be prescr ! bed in the sectional specification.

3.4 3.4.1

Qtral$catiort Apppioval Procedures The manufacrurer shall comply with: - the general requirements of the rules of procedure governing qualification approval:
- the requirements

for the primary stage of manifacture

contained in Sub-clause 3.2 of E";:;

standard. 3.4'.2 In addition to the requirements of Sub-clause 3.4.1, procedures a) or h) below shall spy;,+. a) The manufacturer shall produce tes[ evidence of conformance requirements on three inspection lots for lot-by-lot inspection taken possible and one lot for periodic inspection. No major changes process shall be made in the period during which the inspectidn jots to the specification in as short a timi a> in the manufacturing ak taken.

Samples shall be taken from the lots in accordance with TlZC Publication 410 (see Appendix A). The capacitance and voltage ranges for--tiich qualification approval is granted, are defined by the sample taken in accordance with the sampling procedures prescribed by the sectional specification. Normal inspection shall- be used, but when the sample size would give acceptance on zero defectives, additional specimens shall be take'n to meet the san;lple size requirements to give acceptance on one defective. h) The manufacturer shall. produce test evidence to show conformance to the specification requirements on the fixed sample size test schedule given in ihe Sectional Specification. The specimens taken to form the sample shall be __selected at random production or as agreed with the National Surprvising Inspectorate. from current

13
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.For the two procedures the sample sizes and the~permissible number-of defectives shall be of comparative grder. The test conditions and requirements shall be the same.

3.4.3

Qualification Approval obtained as part of a Quality Assessment System, shall be maintained by regular demonstration of compliance with the requirements for quality conformance (see Subclause 3.s). Otherwise, this Qualification Approval must be verified by the rules for the maintenance of Qualification Approval given in the Rules of Procedure of the IEC Quality As&merit System for Electronic Components (IEC Publication QC `001002. Sub-clauses I I.52 and 11.53).

3.5

Quality

Conformance

Inspection

The blank detail specification(s) associated with the sectional specitication shall prescribe the test schedule for Quality Conformance Inspection. This schedule shall also specify the grouping, sampling and periodicity and periodic inspection. for the lot-by-lot

Inspection levels and AQL's shall be selected from those given in IEC Publication 410. If required, more than one schedule may be specified.

3.5.1

Certified

Records qf Released L.ors and are

When certified records of released lots are prescribed in the relevant specification requested by a purchaser, the following information shall be given as a minimum:
- attributes

information (i.e. number of components .tested and number of defective components) for tests in the sub-groups covered by periodic inspection without reference to the parameter for which rejection was made.

- variables information for the change in capacitance, for the tangent of loss angle and for the sectional specification. insulation resistance after the endurance test, as required in the However the results for insulation resistance may be given by'attrrbutes only.

3.5.2

Delayed delivery Fixed capacitors held for a period exceedmg two years (unless otherwise specified `in the sectional specification), ,following the release of thenlot shall. before delivery, be re-examined as specified in the sectional specification.

The re-examination` procedure adopted by the m,anufacturer's pproved by the National Supervising'lnspectorate.

Chief

lnspector

shall be
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(

Once a "lot" has been satisfactorily re-inspected, its quality is re-assured for the specitied period. 3.5.3 Release ,lOr delivery before the completion of Group B tests When the conditions of IEC Publication 410 for changing to reduced inspection have been satisfied for all Group B tests, the manufacturer is permitted to release components before the completion of such tests. .3.6 Alternative test metho& The test and measurement methods given in the relevant specification are not necessarily the only methods which can be used. However, the manufacturer shall satisfy the National Supervising Inspectorate that any alternative methods which he may use will give results equivalent to those obtained by the methods specified. In case of dispute, for referee and reference purposes, the specified methods only shall be used. 3.7 Unchecked parameters Only those parameters of a component which have been specified in a detail specification and which were subject to testing can be assumed to be -within the specified limits. It should not be assumed that any parameter not specified will remain unchanged from done component to another. Should for any reason it be necessary for (a) further parameter(s) to be controlled, then a new, more' extcpsive, specification should be used. The'_additional test' method(s) shall be fully described and appropriate inspection levels specified. limits, AQL's and

SECTION FOUR -

TESTS AND .MEASUREMENT

PROCEDURES

4. 4.1

Tests and measurement procedures General The sectional and/or blank detail specification shall contain tables showing the tests to be made, which measurements are to be made before and after `each test or sub-group of tests, and the sequence m which they shall be made. The stages of each test shall be carried out in the order written. The measuring conditicfkrs shail be the same for initial and tina! measurements. If national specifications within any. Quality Assessment System include methods other than those specified in the above documents. they shall be fully described. The issue and amendment status of any 1EC Publication 68 test in this section is given in
Sub-clause 2.1 L

15
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4.2 4.2.1

Stanabd

atmospheric conditions testrng

Standard atmospheric conditions jbr

Unless otherwise specified, all tests and measurements shall be made under standard atmospheric conditions for testing as given in Sub-clause 5.3 of I EC Publication 68-l: - Temperature: 15 "C - 35 "C; - Relative humidity: 45% - 75% ; - Air pressure:. 86 kPa - 106 kPa (860 mbar - 1060 mbar). Before the measurements are made, the capacitor shall be stored at the measuring temperature for a time sufficient to allow the entire capacitor to reach this temperature. The same period as is prescribed for recovery at the end of a test.is normally sufficient for this purposeWhen measurements are made at a temperature other than the specified temperature the results shall, where necessary, be corrected to the specified temperature. The ambient temperature during the measurements shall be stated in the' test report. In the event of a dispute, the measurements shall be repeated using one of the referee temperatures (as given in Sub-clause 4.2.3) and such other conditions as are prescribed in ~this specification. When tests are conducted in ~a sequence, the final measurements of one test may be taken as the initial measurements for the succeeding test.
Nore. During measurements, likely to cause error. the capacitor shall not be exposed to draughts. direct sun-rays or o:her influences

42.2

Recovery conditions

Unless otherwise specified, recovery shall take place under conditions for testing .(Subclause 4.2.1).

the standard

atmospheric recovery

If recovery has to be made under closely controlled conditions, the controlled conditions of Sub-clause 5.4.1 of 1EC Publication 68-l shall be used.

Unless otherwise specified in the relevant specification, a duration of I h to 2 h shall be used.
4.2.3 Rqfeiee conditions

For referee purposes, one of the standard atmospheric conditions for referee tests taken from Sub-clause 5.2 of IEC Publication 68-1, as given below, shall be chosen:
Ten+crafure Relative humidity Air pressure

20 23 25 27

f * f f

I I I I

"C "C "C "C

63% - 67% 48,Yo- 52% 48% - 52% 63% ~61%

86 86 86 86

kPa kPa kPa kPa

- 106 kPa (860 mbar - 1060 mbar)

- 106 kPa (860 mbar - 1060 mbar) - 106 kPa (860 mbar - 1060 mbar) - jO6 kPa (860 mbar - 1060 rnbar)

74.2.4 Reference conditions For reference purposes, the standard atmospheric clause 5. I of 1EC Publication 68-l apply: conditions for reference given in Sub-

- Temperature: 20 "C I Air pressure: 101.3 kPa (1013 mbar)

16
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4.3

Drying

4.3.1

Unless otherwise specified in the relevant specification, the capacitor shall be conditioned for 96*4 h by heating in -a circulating air oven at a temperature of SSi 2 "C and a relative humidity not exceeding 20%. The capacitor shall then be allowed to cool in a desiccator using a suitable desiccant, such as activated alumina or silica gel, and shall be kept therein from the time of removal from the oven to the beginning of the specified tests.
Visual examination Visual examinafion and check of dimensions

4.3.2

4.4
4.4.1

The condition, workmanship and examination (see Sub-clause 2.2.31).

finish shall be satisfactory,

as checked

by visual with the

Marking shall be legible, as checked by visual examination. requirements of the detail specification. 4.4.2
Dimensions (gauging)

It shall conform

The dimensions indicated in the detail specification as being suitable for gauging shall be checked, and shall comply with the values prescribed in the detail specification. When applicable, measurements shall be made in accordance -with I EC Publication. 294.

4.4.3

Dimensions

(detail)

All dimensions prescribed in the detail specification shall be checked and shall comply with the values prescribed.

4.5.1

Before

this

measurement

is made. the capacitors

shall be fully discharged. the insulation resistance shall be

4.5.1

Unless otherwise specified in the relevant specification, measured, at the voltage specitied below.

* When it can be demonstrated that the voltage has no influence on the measuring result, or that a known relationship exists. measurement can be performed at voltages up to the rated or category voltage (IO V shall be used in case of dispute. unless otherwise specified by the sectional specification).

I/, is the rated voltage for use in defining the measuring voltage to be used under standard atmospheric conditions for testing. Uc is the category voltage for use in defining the measuring voltage to be used at the upper category temperature. 17
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' 4.5.3 The

insuraation resistance shall be measured Table I, specified in the relevant specification. Test A, between terminations,

between

the measuring

points

defined

in

applies to all capacitors,

whetlher insulated or not. m uninsulated metal cases and

Test B, internal insulation, applies to insulated capacitors to insulated and uninsulated multiple-section capacitors.

Test C, external insulation, applies to insulated capacitors in non-metallic cases or in insulated metal cases. For this test, the measuring voltage shall be applied using one of the three following methods as specified in the relevant specification:

4.5.3.1

Foil

tnethod ..

A metal foil shall be closely wrapped around

the body of the capacitor.

For capacitors with axial terminations this foil shall extend beyond each end by not less than 5 mm, provided that a minimum distance of I mm can be maintained between the foil and the terminations. If this minimum distance cannot be maintained, the extension of the foil shall be reduced by as much as is necessary to establish the distance, of I mm. For capacitors with unidirectional terminations a minimum mainfained between the edge of the foil and each termination. 4.5.3.2
Method for capacitors wilh tnowttittg de~vices

distance

of 1 mm shall be

The capacitor shall be mounted in its normal manner on a metal plate, which extends at least 12.7 mm (0.j in) in all directions beyond the mounting face of the capacitor.

4.5.3.3

V-block tncrhod

The capacitor shall be clamped in the trough of a 90" metallic V-block of such size that the capacitor body does not extend beyond the extremities of the block. The clamping force shall be such as to guarantee and the block. The capacitor
(1)

adequate contact

between the capacitor

shall be positioned

in accordance

with the following:

For cylindrical capacitors: the Capacitor shall be positioned in the block so that the termination furthest from the axis of the capacitor is nearest to one of the faces of the block. termination
bldck.

hl For rectangular

capacitors: :he capacitor shall be positioned in the bloc so that the nearest the edge of the capacitor is nearest to one of the faces of the capaciiors having axial terminations any out-of-centre at its emergence from the capacito: body shall, be

For cylindrical and rectangular positioning of the terminations ignored.

4.5.4

1 min

The insulation resistance shall be measured after the voltage has been applied + 5 s unless otherwise prescribed in the detail specification.

for

18

TABLE I

*

Measuring

points

Tests

Applicable

to:

I)

Single section capacitors

2)

Multiple-section capacitors having a common termination for all sections Between each of t'neterminations and the common tcrmination

3)

Multiple-scc1ion

A.

Between
lermmalions

All capacilors

IaJ Between terminations

20)

B. lntcrnal

c

inbulalion

Insulated single and multiple-section capacitors in uninsulated metal cases (IhJ. Zh), 361) lnsulatcd and uninsulated multiplesec1ion capacuors (2cJ and 3c/)

lb) Between

terminations connected together and the case

2hJ Between all termina1ions connected together and the case

3hJ Between all tcrminu1ions con-

2c) Between the non-common termination of each section and all the other terminations connected together IcJ Between the two terminations connected together and, as appropriate, the metal foil. the metal plate of the metal V-block

3c.J Between the terminations ol separate sectrons. lhc two lcr-

C. Exrernal rnsulallon

Insulated capacitors in non-metallit cases or in insulated metal cases

2dJ
Between all terminations connected together and. ;~j: appropriate: metal foil. tht metal plate or the V-block IIIC
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4.5.5 When prescribed by the detail specification

the temperature at which the measurement is made shall be noted. If this temperature differs fro6 20 "C a correction shall be made to the meatiured value by multiplyipg the value by the appropriate correction .factor prescribed in the sectional specification.

4.5.6 The relevant specification

shall prescribe:

The measuring points.

points and the measuring

voltage corresponding

to each of these tests

The method of applying the voltage (one of the methods described in Sub-clauses 4.5.3. I. 4.5.3.2 or 453.3).

Time of electrification

if other than 1 min.

Any special precautions

to + taken during meaxrements.

Any correction factors required for measuremeni over the range of temperatures by the standard atmospheric conditions for testing.

covered

The temperature testing.

Of measurement

if other than the standard

atmospheric

conditions

for

The minimum Table'IX

vallue of insulation

resistance

for the various.>measuring

points

(xe

4.6

Vohge

proof

The test prescribed below is a d.c. test. When ~the relkvavt specification test, the test circuit shall be prescribed by this specification.

prescribes an ax.

4.6.1

i'esr circuit (for the test between terminations) The test circuit shall be such that the conditions relating to the charging and discharging currents and ihe time constant for charging, prescribed in the relevant specification, are complied with.

20
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`The F&e

1 specifies the characteristics of a suitable test circuit:

FIG. 1 Voltage proof test circuit
,

Now. -

The capatitor C, may bc omitwd for the
seclional specificdlion.

testingof certam

types of capacitors. This should bc s:atcd in the

The resistance of the voltmeter

shall be not less than 10 000 Q/V.

The resistor R, includes the internal resistance of the voltage source. The resistances R, and Rz.shall have a value sufficient to limit the charging and discharging current to ~the value prescribed in the relevant specification. The capacitance of capacitor capacitor under test. C, shall be not less than ten times the capacitance of the

If applicable the time constant R2. (C,+C,) prescribed in the relevant specification. 4.6.2 Test

shall be less than or equal to the value

Depending. on the case, the test comprises one or more parts in accordance and the requirements of t.he relevant specification. 4.6.2. I Test A -- Between terminations
la) , 3aj. 3~) of Table I in accordance specification.

with Table I

Test points: Pfocc&rc

with the requirements

of the rclcvant

With the switch in position 2, the two termmals at the top of the diagram are connected a variable d.c. supply of suficient power adjusted to the required test, voltage. The capacitor diagram. . to bc tested (C,) is connected tb the test circuit ai indicated

to

in the

The switch is then moved to position

I so as to charge capacjtors

CL and C, via Re

21
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The switch remains in this position for the time specified after the test voltage' has been reached _ The cajlacitors C, and C, are then discharged through R, by moving the switch to posrtion 2. As soon as the voltmeter reading has fallen to zero the capacitors are short-circuited by moving the switch to position 3 and the capacitor C, is disconnected. 4.6.2.2
Test B Internal insulation 26). 2c), 3.6). 3c) of Table I in accordance-with the requii&ents relevant specification

Test points: lb),

of the

Procedure

The specified test voltage is applied instantaneously via the internal resistance of the power supply for the time specified in the relevant specification..For point 2c) use the test circuit `and the procedure indicated for the test between terminations (Sub-clauses 4.~6.1 and 4.6.2.1) 4.6.2.3 Test C - External insulation (applicable only to insulated capacitors in non-metallic case or in insulated metal case).
Test points:

l.c), 2d) or 3d), using one of the three following' methods for the application of the voltage in accordance with the requirements-`of the relevant specification.

Foil method

A metal foil shall be closely wrapped around the body of'the capacitor. For capacitors with axial terminations this foil shall extend beyond each end by not less than 5 mm, provided that a minimum distance of I mm/kV can be maintained between .the foil and the terminations. If this minimum cannot M maintained, the extension of the foil shall be reduced by as much as is necessary to establish the distance of I mm/kV of test voltage. For capacitors with unidirectional termination, a minimum distance of I mm/kV shall be maintained between the edge of the foil and each termination. In no case the distance between the foil and the terminations shall be less than I mm.
Method for capacitors with mounting devices

The capacitor shall be mounted in its normal manner on a metal plate which extends by not less than 12.7 mm (0.5 in) in all. directions, beyond the mounting face of the capacitor.
V-block method

The capacitor shall be clamped in the trough 0f.a 90" metallic V-block of such size that the capacitor body does not extend beyond the extremities of the block. The clamping force shall be such as to guarantee adequate contact between the capacitor and the block. The'capacitor shall be positioned in accoraance with the following: (I)- For cylindrical capacitors: the capacitor shall be positioned in the block SO that the termination furthest from the axis of the capacitor is nearest to one of the faces of the 1 block. 22
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hl` For rectangular capacitors: the capacitor is positioned in the block so that the tcrmination nearest the edge of the capacitor is nearest to one of the faces of the block. For cylindrical and rectangular capacitors having ,axial terminations any out-of-centrc positioning of the termination at its emergence from the capacitor body shall be ignored.
Proditre

.

The specified test voltage is applied instantaneously through the internal resistance of the power source for the time specified in the relevant specification. 4.63
Reyuiretttcnrs

For each of the specified test points there shall be no sign of breakdown .during the test period. 4.6.4 Repeated application of the voltage proof test may cause permanent capacitor and should be avoided as far as possible. The relevant specification 0) The test points points. shall prescribe: corresponding

or flashover

damage

to the

4.6.5

(see Table I) and the, tes'L voltage

to peach of these

h) For the external insulation test (Test C): the method of applying the test vohage (one of
the methods described in Sub-clause .4.6.2.$. (`1 The time for which the voltage is applied. (1) The maximum charging and discharging currents.
e) When

(4
4.1 4.7.1 Capacitance

applicable, CG+ CA>.

the

maximum

value

of

the

time

constant

for

.charging

The, capacitance shall be measured at one of the following frequencies .unless otherwise prescribed by the relevant specification: Electrolytic capacitors: Other capacitors: 100 Hz to 120 Hz

,

CR I 1 nF: 100 kHz, 1 MHz'or l&&lHz (1 MHz shall be reference) 1 nF < CR 5 10 uF: 1 kHz' or `10 kHz. (1 -kHz shall be reference) CR > IO uF: 50 Hz (60 Hz) or 100 Hz (120 Hz)

The tolerance on all frequencies for measuring purpose shall .& exceed f 20%. ;, The measuring voltage shall not exceed 3% of U,, or 5 V. whichever is the smaller, unless otherwise prescribed in the relevant specification.
I

4.1.2

The accuracy of the measuring equipment shall be such that the errdr d&s not exceed:
~a)

for absolute capacitance measurements : 10% of the rated capacitance absolute, -whichever is `the smaller; 1of capacitance: capacitance.

tolerances? or' 2%

b) for measurement. of variation

10% of the specified maximum change of

In neither of cases a) and b) need the accuracy be better than the minimum absolute measurement error (e.g. 0.5 pF) prescribed in the relevant specification.

23
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4.7.3 The relevant specification shall prescribe: u) the temperature testing i
h) the frequencies

for measurement

if other than the standard atmospheric

conditions for

for measurement and the capacitance different from those specified in Sub-clause 4.7.1:

range over which they apply. if

c) the absolute measurement
d)

error, when applicable (e.g. 0.5 pFJ;

measuring voltage if different from those specified in Sub-clause 4.7.1;

e) the applied polarizing voltage, when applicable. 4.8 Tangent

qf loss angle

4.8.J The tangent of loss angle shali be measured under the same conditions as those given for the measurement of capacitance at one or more frequencies taken from the list of Sub-clause 4.7.1. as prescribed in the relevant specitication. 4.8.2 Unless otherwise specified in the sectional specification. the measuring method shall be such that the error does not exceed 10% of the specified value or 0.0001, whichever is the greater.
Leakage current.

4.9 4.9.1 4.9.2

Before this measurement is made, the capacitors shall be fully discharged. The leakage current shall be measured, unless otherwise prescribed in the relevant specification, using the .direct voltage (& or &) abpropriate to the test temperature, after a maximum electrification period of 5 min. The full five minute electrification need not be applied if the specified leakage current'limit is reached in a Shorter time.

1.9.3 A steady source of power such as a regulated power supply shall be used. 4.9.4 4.9.5 The measurement error shall not exceed *5% or 0.1 PA. whichever is the greater.

When prescribed in the relevant specification, a 1000 R protective ~resistor shall be placed in series with' the capacitor to limit the charging current. The relevant specification shall prescribe: a) the leakage current temperatures;
6) when necessary,

4.9.6

limit at a reference temperature

of 20 "C, and at other specified

the correction factor, if the measurements are made at a temperature other than 20 "C, but within the range of temperatures covered by the standard atmospheric conditions for testing; time if different from 5 min

cl electrification

dj whether or not a 1000 R protective resistor shall be placed in series with the capacitor to .limit the charging current as defined in Sub-clause 4.9.5. 4.10 Impedance shall bc measured by the vbltmcter-ammeter Figure2 , or equivalent. 24 rncthod according to the C'II'L`IIII 01'

FIG. 2 --

Schematic diagram of the measuring circuit:

The impedance ZX of the capacitor Cx is given by

The frequency of the measuring voltage shall preferably \`ill Ul!S 1 50 Hz. 60 Hz. 100 Hz. 120 Hz. I kHz, IO kHz,

be chosen from the following I MHz and 10 MHz.

100 kHz.

The accuracy of the measuring equipment shall be such that the error does not exceed 10% of the requirement, unless otherwise specified in the relevant specilication. .sl,rc, - AI trcqucncics above 120 H? precauuons are necessary to avbid errors arising liom stray currents. The
current flowing through the capackor'should be limited so thul the measuring rcsuit is not signilicantly ;Jfcctcd by the rise of the teinperaturc of the capacitor.

The relevant specification shall prescribe:
(iJ

The frequency of measurement. at which measurements shall be made.

hj The' temperature(s)

C) The limits of impedance, or ratio of impedances measured `at different temperatures.

4. I I 4. I I 1

Ituii~~t~~iw

or .w&mw~cm

_frequency (1;)

.~~~!1Lr(~.s(SOIiNIif jkquency

For this measurement three methods are described. The first method is for general application; the other methods may be particularly `suitable for measuring certain types of capacitors -having low capacitance. The accuracy of the measuring equipment shall be suchthat the error does not exceed 10% of the requirement. unless otherwise specified in the relevant specification.

source.

the impedance measuring method of Sub-clause 4.10 and a variable frequency the lowest frequency shall be determined at which the impedanke passes through a tninimum. This is the self-resonant frequency.
.\`#ll<,. H'hcn it ih dilli uh IG dcrcrminc prbxiscly the frcqucncy 81 which the impedance is al u minimum. lhcn uw rn;~! hc mxic ol' ;I phasemeter IO compare the phase of the voltage acrok !he capacilor with the ph;lsc of liw \crlragc ;ic'rt\cs a low-inductance resistor conncctcd in scrics with the capacilor. The rcsonirm frcqucncy I\ ~hcn 11x frcqucnc~ when there is no phase difkrcnce. Aj-Q-maer may be used for this purpose.

Using

4. I I. 1.2
clip

.~l~~ih/ 2
l.`or this measuring

method use shall be made of an absorption os@llator-wavemeter

(grid

nlcIcr_).

.~lfW/l/i,l,~
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The wires shall be of the specified length and no-additional wiring or connections shall bc employed (see Figure 3.). This loop shall be coupled as loosely as possible to an absorption oscillator-wavemeter and the resonant frequency shall then be determined.
Axial

termlnaGons

Untlateraltermlnatlons

To be speclfled I

To be speclfled

I and d
Jkh-7

FIGURE 3
4.

I I. I 2.2

Cqmcitors

with tertninutions

for printed

circuit

use

To determine the resona,nt frequency under the conditions of being mounted on a printed circuit board and where the configuration of the case and/or the terminations does not permit to form a four-capaciior loop correctly, the loop shall be formed of ~two (nearly) identical capacitors with straight terminations of specified length (see Figure 4). The second capacitor following way: may be substituted by its mirror image on a conductive plane in the

A copperclad unetched sheet of printed circuit base material, the edges -of which are at least three times as long as the maximum dimension of the capacitor. is drilled in its centre to accommodate the capacitor in its normal way. The relevant specification shall prescribe the details of mounting. The capacitor is soldered in place with the capacitor being short-circuited by the copper laminate. Then the capacitor is coupled to the search coil and.measured as in Sub-clause 4.11.1.2.4.
NO/C. Metal-cased capacitors may necessitate special arrangements for coupling. which shall he prescribed in the relevant specificalion.

Of

copper To be specified: I ;rnd tl (I (0 be mc;\surcd from the suing

board .l.7/87 plant)

FIG~E 4. I I . I .2.3
Description of' rhc ~m~rhod

4

The absorption oscillator-wavemeter is ;I variable frequency L-C oscillator with the inductor formed as an external search coil. When the search coil is coupled into another

26
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resonant circuit,

power is absorbed causing a change in the mcittj giid (Gate on FET's)

voltage.
This is monitored and hence "dips" at the resonant frcqucncy of the coupled circuit. This. coupled circuit consists of four capacitors mounted as described in Sub-clause 4. I I :I .2.1 and connected in series to minimize the mutual inductance.. A typical diagrarp showing the use of an absorption Figure 5. ' M oscillator wavemeter is given in

I
Absorption oscillator wavemeter (Grid-dip meter)
I

F-2
FIGURE5

tLJ

Coupled resonant zircuit

With the search coil of the wavemeter close to the capacitors under investigation, the resonant frequency is approached from a lower frequency. Dips should be checked by moving the wavemeter away from the capacitors (reducing the absorbed power) to make sure the dip is ndt due to internal effects of the wavemeter. The resonant frequency should be measured with as loose coupling as is practical to avoid pulling the oscillator.

4. I I . I .2.5

Reyuirwrcwts

The resonant frequency shall not exceed the limits prescribed by the relevant specifica!ion. 4.11.1.3
Merilod

3

This method is particularly suitable for capacitors of low capacitance and with a selfresonant frequency within Q-meter operating range. Using a Q-meter and the circuit shown in Figure 6. the lowest frequency shall be determined at which the same resonant frequency is obtained, whether the capacitor shorting strap is in place or not. This frequency can bc shown equal to the self-resonant frequency of the capacitor.

Q-meter

FIG. 6.

Schematic diirgram of the measuring circuit. 27

. IS QC 300000 : 1988 IEC QC 300000 : 1982

4. I I 2

Intlllctlllltx~ The series inductance Lx of a capacitor is calculated from the measured self-resonant frequency ./; of the capacitor using the formula given below:

where C, is the capacitance of the. capacitor measured in accordance with Sub-clause 4.7 and the requirements of the relevant sectional. specification: 4. I I .3 The relevant specification shall prescribe: which test method is preferred the lead length, of the capacitor to be employed in the measurement any special mounting arrangement frequency. the limits of series inductance or self-resonant

~4.I2 * 4.12. I

Outer .foil termination

The correct indication of the termination which is connected to the outside metal foji shall be checked in such a way that the capacitor is not damaged. A suitable method is given in Figure 7.

412.2

The frequency of the generator may be from 50 Hz to a few thousand hertz and shall be 4.12.2.1 so chosen as to give a clear result of measurement. the most appropriate value being dependent on the type of capacitor under test. The voltage shall be of the order of 10 V. The voltmeter shall have an input impedance of not less than 1 MQ. The, stray capacitance of the wiring shall be kept fow. 4.12.212 With the switch in position 1, the deflection of the voltmeter shall be markedly less than the switch in position 2. 2

I

;-

Jc!J () Q:,
: I I' I 1, -1 "" 1 v

-1

'

Outer foil tetmination FIG. 7. Test circuit.

I

4.13

Robustness of terminalionS The capacitors shall ,be subjected to Tests Ua,, 68-2-21 (1975). as applicable. Ub, UC, and Ud of IEC Publication ~

28
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4.13.1

Test Ua, -

Tensile shatl be: other than- wire terminations: see table below. 20 N;

The force applied .- for terminations

- for wire termina.tions,

Nominal cross-sectional (mmz)

area

Corresponding diameter for circular-section wires (mm)

-Force (N)

s I 0.05 < S < 0.07 < S I 0.2 < s 5 0.5 1.2

0.05 0.07 0.2 0.5

(1 5 0.25 < d < 0.3 < (/ 2 0.5 < <I 5

0.25 0.3 0.5 0.X L

I
2.5 5 10 20 40 -.-

< S 5 1.2 cs

0.8 < tl 5 1.25 1.25 < J/ -

4.13.2

Test Uh -Method

Bending

(ldf&f

die ~ermirtntiorrs I

I : Two consecutive bends shall be applied in each direction. This test shall apply if, in the detail specification. the terminations are described as rigid. Torsion (other half oj' the terminations) 2 (two successive rotations of 180' ) shall be used.

not

4.13.3

Test Uc Method

A, severity

This test shall not apply if in the detail specification the terminations are described as rigid and to components with unidirectional terminations designed for printed wiring applications.

4.13.4

Test (id devices)

Torque

!fbr terkninations

with threaded

studs or screw

arrd ,for integral mounting

Nominal

thread

(mm)

diameter
I

2.6

/
I

3
0.5

3.5
0.x 0.4

j
-

4 1.2 (1.6

/

5 2.0 1.0

j

6
2.5

/

Torque Wm)

Severity

I

0.4 0.2

Severity 2

I j I

0.25

I .25

4.13.5

Visual examination After each of these tests the capacitors damage. shall be visually examined. There shall be no visible

4.14

Resistance

to soldering

hear the capacitors shalt bc +ied using the

4.14.1

When prescribed by. the method of Sub-clause 4.3. The capacitors

relevant

specification,

shall be measured

as prescribed

in the relevant

specification.
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4.142

Unless otherwise of IEC Publication
a]

stated in the relevant specification. 68-2-20 (1979) with the following

the capacitors requirements:

shall

undergo

Test Tb

All capacitors Method Depth

except those of Item b/ below: . 1A. *fh a duration of 5 s or 10 s. as specified from the seating plane:

in the detail

specification. insulating screen

of immersion

2 z, mm, using a thermal

of l-.5&0.5 mm thickness. hl Capacitors not designed for use on printed boards as indicated by the detail speci.fication:

Method IB Depth of immersion

from

the component

body:

3.5 i,, mm more than 2 h. unless otherwise

The period of recovery shall `be not specified by the detail specification. 4.14.3 When There the test has been carried shall he no visible damage

less than

1 h nor

out the capacitors and the marking as prescribed

shall be visually examined.
shall be legible. specification.

The,capacitors 1 4.15 4.15.1
Soldi~rahilil~~

shall then be measured

in the relevant

Capacitors shall be subject toTest Ta of IEC Publication. 6%`2-20 (1979). either using the solder bath method (Method I) or the soldering iron method (Method 2) or the solder globule method (Method 3) as prescribed by the detail specification.

4.15.2

When

the solder

bath method

(Method

I) is specified.

the following

requirements

apply:

4.15.2.1 Bath temperature: Immersion Depth time: 235 fr 5 c`. 2.0; 0.5 s. (from the seating plane or component body):

of immersion

`a) All capacitors except those of h) below: 2.0 8,, mm, using a thermal insulating screen

of 1.5 ~-0.5 mm thickness.

b) Capacitors

boards: 4.15.2.2

indicated 3.5 !:! mm.

by the detail

specification

as being

not designed

for use on printed

The terminations

shall be examined

for good

tinning

as evidenced

by free flowing

of the

solder with wetting pf the terminations.

4.15.2.3

When

the solder ~bath method is not applicable.
test conditions and the requirements...

the relevant

specification

shall define

both the method.

Now. --

When

the solder globule method

ih uwd.

the requirement

shall ~ncludl: rhe soldcrmg

ttmc
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4.16 4.161

Rapid change of temperature

The measurements prescribed in the relevant specification shall be made. The capacitors shall be subjected to Test Na of IEC Publication 68-2-14 (1974). using the degree of severity as prescribed in the relevant specification. After recovery the capacitors shall be visually examined. There shall be no visible damage. The measurements prescribed in the relevant specification shall then be made.

4.16.2

4.16.3

A.17
4.17.1 __'

Vibration

The measurements prescribed in the relevant specification shall be made. The capacitors shall be subjected to Test Fc of I EC Publication 68-2-6 (1970). using the mounting method and the degree of severity prescribed in the relevant specification.

4.17.2

4.17.3 When specified in the detail specification, during the last 30 minutes of the vibration test in each direction of movement, an electrical measurement shall be made to check intermittent contacts or open or short circuit. The duration of the measurement shall be the time needed for one sweep of the frequency range from one frequency extreme to the other. 4.17.4 After the test the capacitors shall be visually examined. There shall be no visible damage. When capacitors are tested as specified in Sub-clause 4.17.3, there shall be no intermittent contact greater than or equal to 0.5 ms, nor open or short circuit.

4.17.5
i. 18

The measurements prescribed in the relevant specification shall then be made.
Bump

4.18.1 4.18.2

The measurements prescribed in the relevant specification shall be made. The capacitors shall be subjected to Test Eb of I EC Publication 68-2-29 (1968) using the mounting method and the degree of severity prescribed in the relevant specification.

4.18.3

After the test the capacitors shall be visually examined. There shall be no visible damage. The measurements prescribed in the relevant specification shall then be made.

4.19 4.19.1 4.19.2

Shock

The measurements prescribed in the relevant specification shall be made. The capacitors shall'be subjected to Test Ea of IEC Publication 68-2-27 (1972) using the mounting method and the severity prescribed in the relevant specification. 31
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4.19.3

After the .test the capacirors shall be visually examined. There shall be no visible damage. The measurements prescribed in the relevant specification shall then be made.

4.20

Container

sealing

I EC Publication

The' capacitors shall be subjected to the procedure of the appropriate .methdd of Test Q of 68-2-17 (1978) as prescribed in the relevant specification.

4.21

Climatic

sequence

In the climatic sequence, an interval of a maximum 01 2 uays I:, permltted between any of the tests, except that the cold test shall be applied immediately after the recovery period for the first cycle of the damp heat, cyclic, Test Db.

4.21.1

Initial

measurements

The measurements prescribed in the relevant specification shall be made. 4.21.2
Dry heat

The capacitors shall be subjected to Test Ba of IEC Publication 68-2-2 (1974) for 16 h, using the degree of severity of the upper category temperature, as prescribed in the detail specification. While still at the specified high temperature and at the end of the period of high temperature, the measurements prescribed in the relevant specification shall be made. After `specified conditioning, the capacitors shall be removed from the chamber exposed to standard atmospheric conditions for testing for not less than 4 h. and

4.2 1.3 Danlp heut, c_vclic, Test Dh. jbst

c_vcle

The capacitors shall be Subjected to Test Db of I EC Publication 68-2-30 (1969) for one cycle of 24 h. using a' temperature of 55 @C(Severity b). After recovery the capacitors shall be subjected immediately to the cold test. 4.2 1.4 Co&i The capacitors shall be subjected to Test Aa of IEC Publication 68-2-l (1974) for 2 h, musing the degree of severity of the lower category temperature, & prescribed in ihe relevant specification. While stiH at specified Jaw temperature ana at me end of the period of low temperature, the `measurements prescribed in the relevant specification shall be made After the specified conditioning, the capacitors shall be removed from the chamber and expbsed to standard atmospheric conditions fo; testing for not less than 4 h.
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4.21.5

Low air presswr

The capacitors shall be subjected to Test M of IEC appropriate degree of severity prescribed in the relevant shall be 10 min. unless otherv;ise The relevant
a) duration

Publication specification. specifiCation.

68-2-13 (1966) using the The duration of the test

stated

in the relevant

specfication

shall prescribe: than 10 min;

of test. if other

b) temperature: c! degree of severity. While at the specified low pressure, the rated voltage shall be applied the test period. unless otherwise prescribed in the relevant specification. for the last 1 min of

During and after harmfui deformation

the test there shall be no evidence of permanent of the case or seepage of impregnant.

breakdown.

flashover,

4.21.6

Damp

heat. c_dic,

Test Db. remahing

cycles

The capacitors shall be subjected to Test Db of IEC Publication 68-2-30 (1969) for the following number of cycles of 24 h as indicated in the table below, at a temperature of 55 `C (Severity b).

4.21.7

Fillal

~flea.~urrrlrer~t.,

After the prescribed shall be made.

recovery,

the

measurements

prescribed

in the

relevant

specification

4.22 4.22.1

Damp heat. strarllv state

The measurements

prescribed

in the relevant

specification

shall be made.

4.22.2

The capacitors shall bc subjected to Test Ca of IEC Publication 68-2-3 (1969). using the degree of severity corresponding to the climatic category of the capacitor as indicated in the detail specification. When specified in the blank detail specification. the detail specification may specify the application of a polarizing voltage during the whole period of damp heat conditioning. With the exception of electrolytic capacitors. within 15 min after removal from the test chamber, the voltage proof test of Sub-clause 4.6 shall be carried out at Test point `A only. using the rated voltage, unless otherwise specified in the detail specification.

4.22.3

After recovery

the capacitors

shall be visually

examined.

There shall

be no visible damage.

The measurements

prescribed

in the relevant 33

specification

shall then be made.
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4.23

Emltrrn~ce
hirid tneusuretneI~1s

4.23.1

The measurements 4.232

prescribed

in the relevant specification the endurance

shall be made. test. The tests of I EC

The capacitors shall be submitted to Publication 68-2-2 (1974) apply as follows: a) d.c. tests -- Test Ba; h) a.~. tests Test Ba or Bc as applicable; c') pulse tests --. Test Ba or.Bc as applicable.

The test specimens may be inserted in the oven at any temperature between room ambient temperature and the specified oven temperature, but the voltage shall not bc applied to the capacitor before it has reached the oven temperature.

423.3

The relevant specification (I) duration h) test temperature (I voltage or current

shall prescibe:

of the test (e.g. hours or number of pulses): (e.g. room. rated or upper `category `temperature); to be applied (see also Sub-clause 423.4).

When capacitors have to meet additional rcquiremcnt for electric shock hazard protection. additional test conditions for endurance testing (e.g. pulse voltage application) shall bc prescribed in the relevant specification. 423.4 Unless otherwise specified in the relevant specification the voltage to be applied during the test shall be selected from the following: d.c. tests. The test shall be carried out at a multiplying factor times the rated voltage (d.c.) at temperatures up to the rated temperature. The test temperature and the value of the multiplying factor shall be specified in the relevant specification. For tests at upper category temperature the derating factor for the voltage shad be given as well.

a.c. tests (sinusoidal

voltage).

The test shall be made at SO-60 Hz and at a multiplying factor times the rated voltage (a.c.) (see Sub-clause 2.2.32 (I)) at temperatures up to the rated temperature or at the upper category temperature with a derating factor for the voltage. The test temperature and the value of the multiplying factorjderating factor for the voltage shall be specified in the relevant specification.

a.c. tests (sinusoidal current), This test shall be made with a current applied in accordance with Sub-clause 2.2.32 b). The test temperature, the value of current and frequency shall be specified in the relevant specification.
-Nttre. To facilitate testing the test may be made with a voltap capacilors in parallel or in scrics/parallel. of specified frequency applied to a group of

34

IS QC 300000:~1988 IEC QC 300000:1982

sinusoidal

a.c. tests (reactive power)

This test shall be made with reactive power.in accordance with Sub-clause 2.2.32 c). The test temperature, the value of the reactive power, and the frequency shall be specified in the relevant specification.
Nor?. To facilitate testing the test may be made with a voltage of specified frequency applied to a'group of capacitors in parallel or in series/parallel.

A thermal stability test (see Sub-clause 4.30) may constiMe' an alternative The test to be carried out shall be specified in the detail specification. pulse tests. The test shall be made with pulses applied and as specified in the relevant specification. Appendix C. sinusoidal a.c. or pulse tests with superimposed

to this test.

in accordance with Subclause 22.33 Guidance for pulse tests is given in

d.c. d.c. as required by the relevant

Tests h) to e) may be carried out with superimposed specification. -(See also Sub-clause 2.2.21). An example of a test circuit suitable for electrolytic
---

capacitors

is as hollows:

--a

I, --

043&J

4.23.5

The capacitors

shall be placed in the test chamber capacitors no capacitor

in such a manner

that:

(I) for heat dissipating 6) for non-heat tor. 4.23.6

is within 25 mm of any other capacitor. is within 5 mm of any other capaci-

dissipating

capacitors

no capacitor

After the specified period, the capacitors conditions for testing. The capacitors

shall be allowed to cool to standard atmospheric

4.23.7 4.23.8

shall t-hen be visually examined.

The measurements prescribed in the relevant specification shall then be made. A capacitor shall be cdnsidered to have failed when the requirement+, of the relevant specification during or at the end of the test are not satisfied.
of capacitance with temperature

4.24 . Variation 4.24.1 Static

merhod
relevant

4.24.1.1 Measurements of capacitance shall be made. under the eonditions prescribed in the specification. 4.24.1.2 The capacitor shall be maintained at each of the following Iemperatures in
turn

:

a) 20*2 "C; 35
\
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b)

lower category temperature temperatures,

f 3 C: if required by the detail specification;

(`I intermediate
dl 20*2
c:

ej intermediate f,

temperatures. temperature

if required *2 C:

by the detail specification;

upper category c. for

R) 20*2
If whether

required

a particular

type

of capacitor,

the relevant a maximum

specification

shall

prescribe

thermal

shock is to be avoided or whether

rate of change of temperature

shall be specified. 4.24. I .3 Capacitance measurements shall be made at each of the temperatures stability. is judged apparatus. must be made with a precision compatible with to be reached when two readings of capacitance greater than that which specified above after

the capacitor

has reached thermal of thermal

The condition can be attributed

stability

taken at an interval of not less than 5 min do not differ by an amount to the measuring

The measurement the. requirements Care

of the actual temperature

of the detail specification. measurements

1
to avoid condensation or frost on the surface of

must be taken during

the capacitors. 4.24.1.4 For the lot-by-lot procedure, quality conformance testing. d,. f) the detail specification may prescribe a

reduced

for example

measurements temperature.

and g) covering

the temperature

range

from 20 `;C to the upper category 4.24.2 D~wurnic nrc~tltod to the static

As an alternative plotting method may temperature.

method The

of Sub-clauses capacitors shall

4.24.1.2

and 4.24.1.3,

a dynamic varying

be employed.

he subjected

to a slowly

A temperature-sensitive the capacitor self-balancing under same as that occurring

device shall he embedded that will in the capacitor

in a dummy

capaciMr

to he included with temperature is the using a

test in a manner

ensure that the measutcd capacitance

under test.`The

sholll be,measured

bridge or comparator. of the bridge or compitrator shall be coupled to the "Y*' `_ of the temperature sensing device shall be coupled to the "X" axis of a plotting axis of a plotting

.

The table.

output

The output table.

The `tempcraturc the lower 20

shall be varied slowly enough to prqduce a uniform temperature. The temperature

curve with'no and to 20

loop at from C. Two

or upper category

shall be varied subsequently

C to the lower category'tcmpcrature.

to the upper category temperature

cycles shall be carried ou,t.

This ~mc

nicthod

may he employed

only Lvhen it can be demonstrated stabilized temperatures.

that the. results are the

;I!, .Ihr the method employing

In cast of dispute.

the. static method shall be used.
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4.24.3
(`<>

bfer/roch
=

of,

JYJ/ClJ/tJfiOJl

capacitance temperature

measured

at point

ri/ of Sub-clause 4.24.1.2

0`7

=

measured at point d) of Sub-clause 4.24.1.2 other than at points al, d) and g)

Ci = capacitance measured at the test temperature. CIi = temperature
4.24.3.1

measured on test
qf capacitance

Temperalure

charmtcristic

The variation of capacitance as a function of temperature values of C, as follows: AC Ci - C,, -=CO c,,

shall be calculated for all the

The variation of capacitance is normally expressed in per cent. 4.24.3.2
Temperature
coejjicient qf capacitance and temperature (r) cyclic dr:yt qf capacitance

a) Temperature

coefficient qf capacitance

Temperature follows:

caefticient

of capacitance (z) shall be calculated for all the values of C, as

ai =cotoiThe temperature (lo-~/Oc).
b) Temperature

ci-ccl

0,)

coefficient is normally expressed in parts per million per degree Celsius

cyclic dryi qf capacitance

The temperature cyclic drift of capacitance shall be calculated for the points of measurement of Sub-clause 4.24.1.2 a). d) and g) in the following manner:

d,;, = ____

c, - c,
CO

as required by the relevant specification. The largest of these values is the temperature cyclic drift of capacitance. The capacitance drift is normally expressed in per cent. 4.25 4.25.1
Storage Storage at high temperqture

4.25.1.1 The measurements prescribed in the relevant specification shall be made. 4.25.1.2 The capacitors shall be subjected to Test Ba of .IEC Publication 68-2-2 (1974). using the' following severities: 31
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Temperature: upper category temperature. Duration : 96 f 4 h.
4.25.1.3 .

After recovery for at least 16 h, the measurements prescribed in the relevant specification shall be made.
Storag? at low temperature

4.25.2 4.25.2.1

The measurements

prescribed in the relevant specification shall be made.

4;25.2.2 The capacitors shall be subjected to Test Ab of IEC Publication 68-2-l (1974). The capacitors shall be stored at -40 "C for either a period of 4 h after thermal stability has been reached, or for 16 h, whichever is the shorter period. 425.2.3 After recovery for at least 16 h, the measurements prescribed in the relevant specification shah. be made. . 4.26 4.26.1 4.26.2
Surge

The measurements specified in the relevant specification shall be made. Suitable test circuits are shown below in Fig. 8a and gb.
Note. -- The thyristor circuit has the advantage oFhigh repetition rates and is free from troubles associated with dirty contacts and contact bounce.

Charge resistor

Motor driven switch

under test c FIG. @a. -

Relay circuit

.

.t.i.tjYr

Charge

Discharge resistor Capacitor _ _ under test --

FIG.

8,b.

Thyristor circuit `38
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The voltage waveform across the capacitor under test shah be approximately

as given in Fig. 9.

4 74

= =

charge time constant discharge time. constant

`FIGURE 9

4.26.3

The following information shall be given in the ..reLevant specification: a) the charge time constant arising from the internal resistance of the power supply .and the resistance of the charge circuit and the capacitor under test;
b)

the discharge time constant capacitor under test;

arising from the resistance of the discharge circuit and the

c) the ratio of the surge voltage to rated or category voltage (as appropriate):
d)

the number of cycles of test;

e) the duration of the surge period; f) ,the duration of the discharge period; g) the repetition
h.)

rate (cycles per second); if different from standard atmospheric conditions for testing in the relevant specification shall be made.

temperature,

4.26.4 4.27 4.271
' 4.27.2

The'measurements-specified
Charge and discharge test

The measurements specified in the relevant specification shall be made. Suitable test circuit are given in Subclause 4.26.2. Figures 8a and 8b.

39
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The voltage'bnd prrent waveforms across and through the capacitor under test are approximately a fellows in Fig. IO.

J - -eTd

I=

Charged Cycle -

Discharge current

charge time constanl +d discharge tinic constmt

012179

FIGURE 10

3.27.3
a~

The following the charge

information time constant

shall be given in the relevant arising from the internal

specification: of power supply and the

resistance

rcsistancc of the chat-se circuit 171the discharge capacitance time constant

and the capacitance from

of the capacitirr

under test: circuit and the

arising

the resistance

of the discharge

of the capacitor- under test: during the charge period. if dilfferent from the rated \,oltag$;

(`I the vol~agc to be applied t/j the number 4') the duration

of cycles of test: of the ,charpe period: of the `discharge p&iod.:
rate

,fi

the duration

,c; the qwtirion

(cycles per second): frOm standard atmospheric conditions for testing.

/t / tcmpcraturc.

II' different

JO
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4.27.4 4.2X

The; measurements specified in the relevant specification shall be made.
rcliqf (,for

Prrssu,e

electrolytic

capacitors)

Unless otherwise specified in the relevant specification,~ one of the following tests shall be used lo test the pressure relief device of the capacitors: 4.28.1
A.C. test

Applied voltage: alternating direct voltage.

voltage with r.m.s. value not `exceeding 017`times the rated

Frequency of the applied voltage: 50 Hz or 60 Hz. Series resistor: R. = 0.5 times the impedance of the capacitor at the test frequency. 4.28.2
D.C. test

Applied voltage: direct-voltage applied in Ihe reverse direction, of an amplitude necessary to produce a current of 1 A to 10 A. 4.28.3
Pneumatic test

Applied pneumatic pressure: gas pressure introduced c rate of 20 kPa/s continuously. 4.28.4 4.29

from outside shall be increased at a .

The measurements specified in the relevant specification shall be made.
Characteristics at high and low temperature

The capacitors shall be subjected to the procedures of the dry heat and cold test (Subclauses 4.21.2 and 4.21.4 respecti_vely) with the following details: 4.29.1 The temperatures for these tests shall be the same as for the dry heat and cold tests. Tests at intermediate temperatures may be prescribed by +he relevant specification. Measurements shall be made at each of thi specified temperatures reached thermal stability. after the capacitor has

The condition of thermal stability is judged to be reached when two readings of a characteristic, taken in an interval of not less than 5 min. do not differ by an amount greatel than that which scan be attributed to the measuring apparatus. 4.29.2 The capacitors shall not exceed the limits as prescribed in the relevant specification.

4.30

Tlwrrwl

.stahilit_v test

A thermal stability test may constitute an alternative to the endurance test in accordance with Sub-cliIuse 4.33.4 r/l.. The test to be carried out shall be specified in the detail specification. The capacitor shall he loaded with 3 spccificd &ctor times the rated reactive power dissipation ;II the rated tcmpcraturc and'duration as specified in the relevant specitication. A test for thermal stability shall be made by measuring the tcmpcraturc rise ;ts a function ol time over the last part of the specilicd duration. The tcnlpcraturc rise shall bc within snccificci limits. 41

IS QC 300000:1988 IEC QC 300000: 1982

The measurement

of the temperature

rise may be made by use of,a ;hermocouple,

thermistor,

infra-red

thermometer, infra-red photography etc. Care should be taken to ensure that the error of measurement ' does not exceed +I" C and that errors due to heat conduction along measuring connections are kept to a minimum. The relevant specification method of mounting. shall specify the point at which the measurements 68-2-2, Sub-clause 36.2). shall be made and the

(See I E C Publication

4.3 1
-4.3 I. I

Co~nporw~tr .whwl

rcsistrrncv

It~ilicrl t)te(isiIr~`IIl~~Ills

The measurements 431.2 The components details :

prescribed

in

the relevant specification

shall be made.

shall Abesubjected to Test XA of 1 E C 68-2-45 (1980). with the following See Sub-clause : 3.1.1 of I E C 68-2-45..

Solvent to be used: Solvent temperature Conditioning: Recovery 4.31.3 time :

23 + _ 5 C. unless otherwise specified in the detail specification.
Method 2 (without rubbing).

38 h. unless otherwise

stated in the detail specification. shall then be made and the

The measurements prescribed specified requirements be met.

in the relevant specification

4.32.1

The components details:
::`-I ctl Solvent

shall be subjected to Test XA of I E C 68-2-45 (1980). with the following See Sub-clause 23 + 5 `C. Method I (with rubbing). unless otherwise stated in the detail specifiCot ton wool. Not applicable. cation. 3. I. I of I E C 68-2-45.

to be used:

bJ Solvent temperature: c) Conditioning: d) Rubbing
e) Recovery

material : time:

4.32.2

After the test the marking shall bc legible
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APPENDIX
IN

A

INTERPRETATION OF SAMPLING PLANS AND PROCEDURES AS DESCRIBED IEC PUBEICATION 410 FOR USE WITHIN THE IEC QL.:AL.ITY ASSESSMENT SYSTEM FOR ELECTRONIC COMPONENTS

When using IEC Publication 410 (1973) for inspection by attributes. the following interpretations of the clauses and sub-clauses indicated below apply for the purpose of this standard:

I.

The responsibIe authority is the National Basic Rules and Rules of Procedure.

Authorized

Institution

implementing the

1.5

The unit of product is the electronic component

defined in a detail specification.

2.

Only the following definitions from this clause are required: - a defect is any non-conformance of the unit of product to specified requirements; - a defective is a unit of product which contains one or more defects. The extent of non-conformance defective. Not applicable. The responsible authority is the IEC Technical Committee drafting the blank detail specification which forms part of the generic or sectional specification. The responsible authority is the Chief Inspector, acting in accordance with the procedures prescribed in the document describing the inspection department of the approved manufacturer and approved by the National Supervising Inspectorate. The responsible authority is the Chief Inspector. Not applicable. The responsible authority is the Chief Inspector. Normal inspection shall always be' used at the start of inspection. The responsible authority is the Chief Inspector. The responsible authority is the National Supervising Inspectorate. The responsible authority is the I EC Technical Committee drafting the blank ~detail slccification which forms part of the generic or sectional specification. (Fourth sentence only.) Not applicable. (Fifth sentence only.) The responsible authority Not applicable. is the Chief Inspector. of a product shall be expressed in terms of per cent

3.1 3.3 4.5 5.4

6.2 ,6.3 6.4 8.1 8.3.3(i) 8.4 9.2 9.4
IO.2
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APPENDIX

B

RULES FOR THE PREPARATION OF DETAIL SPEC-IFICATIONS FOR CAPACITORS AND RESISTORS FOR ELECTRONIC EQUIPMENT

BI.

The drafting of a complete detail specification by IEC Technical Committee No. 40: Capacitors and Resistors for Electronic Equipment. if required. shall begin only when all the following conditions have been met:
a) the generic specification has been approved; b) the sectional specification. when appropriate.

has been circulated for approval under the Six for approval under the Six

Months' Rule; c) the associated blank detail specification Months' Rule; has been circulated

d) there is evidence that at least three National Committees have formally approved. as their own national standard, specifications covering a component of closely similar performance. When a National Committee formally asserts that substantial or significant use is ma& within its country of a part described by some other national standard, this assertion may count towards the foregoing requirement. B2. Detail specifications prepared under the responsibility of Technical Committee No. 40 shall use the standard or preferred values, ratings and characteristics and severities for environmental tests, etc., which are given in the appropriate generic or sectional specifications. An exception to this rule may only be granted agreed by Technical Committee No. 40. B3. for a specific detail specifxation, when

The detail specification should not be circulated under the Six Months' Rule until the sectional and blank detail specifications have been approved for publication.
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APPENDIX
GUIDE FOR PULSE TESTING

C
OF CAPACITORS

Cl.

lntroduciion Existing testing methods covered by 1 EC Publication 384-l are suitable for capacitors operating in circuits where' ihe applied voltage is predominantly direct voltage. There is now anincreasing number~of applications in which the applied voltage is in the form of pulse with or without a reversal of polarity. These p&esmay be continuous. intermittent. or random in occurrence. This document specifies the factors affecting pulse ratings and the way in which these ratings may be checked by appropriate endurance tests. The parameters of a pulse are defined. Different combi-nations of these parameters can give rise to different causes of failure as follows: Cause of .fuilure Electrolytic Surge voltage exceeded Reverse voltage exceeded Overheating Metallized types Peak current
@

Test Surge voltage Reverse voltage Pulse or ac. Charge/discharge (intermitlent) Pulse

(I'R)

dr Overheating Ionization All other
&v

(I?R)

Pulse or a.c.
ii.C.

dr Overheating (PR) Excess peak voltage Ionization

Pulse Pulse or a.c. Surge a.c.

C2.

Typical capacitor pulse conditions The figures listed below for typical applications show that lest specifications 100 000 or 1 million pulses correspond to operation of only S s to 50 s. requiring

It will not be possible to produce one circuit which will reproduce all of the required conditions. 11 is likely. however. that circuits can be produced which will rcproducc various groups of conditions. It does not appear possible at the prcscnt time to specify accelcratcd test conditions to simulate. for example. a five-year operation.
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Typical peak voltages: Typical peak currents: d! dr Frequencies : Reactive power:

25v. zov. IXOV s/It<, 1-5A about 5 v us
I5 kHz to 20 kHz up to 250 var

Typical peak voltages.: Typical peak current: d_Y dr

up to I 500 v 5A
180 vips

Typical peak voltage : Typical peak current: d\* dr
--E.\-c~~~lpl~~s ,for po~welrctrot~ics

IO kV d.c. with ripple 0.1 A up to I 000 v/us

Typical peak voltages: Typical peak currents : & dt Frequencies : Reactive power:
-

60V to IOOV 40V to IOOA I v/us to 20 v/us 50 Hz to 20 kHz up to 500 var
c~~rt~wf~r.~ v

E.uc~t~tple.s for d.c.-c/x.

Typical peak voltage : Typical peak current: & dt Frequency :

30 v

6A 600' V :us up to 20 kHz

Typical peak voltages : Typical pe.ak currents: Frequencies :
E.wn~pl~~s ,for lmws cd

to 4oov 3A to IOA 100 Hz to 40 kHz 15v
`p14l.w Iigghi sourcc.s

Typica~l peak voltages: `Typical peak current : d! dt Frequencies :

I kV to 3 kV I 000 x about 500 v/us I kHz to 5 kHz
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C3

Effect

of inductance

on pulse testing are likely to donsist of test circuits circuits.
Involving repetitive

Proposed current
and

pulse test methods of capacitors
Voltage

charge

and discharge

in resi&ve

This will result in con\:cntirjn;ll

csponcntial

ChilrXteristiC%

In many applications. a major influence

however.

inductive

effects are of considerable

importance

and hn\c

on the sukability

of the capacitor

for the Application

These arq particularly

important

iit high values of if. modification

If the conditions

for critical damping

L exist f R' = 4 -) C.
curve

the effect is a minor

of the shape of the charge or discharge of the test.

which

will

have little effect on the severity

If.

however.

R? < 4 $,

there can be overshoot and increased power

with

or without

damped

oscillations.

These can result in overstress

dissipation.
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